Introduction
A large literature is assent on the fact that human activities gluttonous in fossil energy are the major cause of climate change (IPCC, 2001 ). These changes are attributed to the increase in the concentration of greenhouse gases, including carbon dioxide which is the most harmful pollutant. To recognize the relationship human / nature, several theories in economics and sociology have been developed trying to study the quality of the environment, including: ecological modernization theory, treadmill of production theory, treadmill of destruction theory, metabolic rift theory, World-System theory, and human ecology theory.
estimating the contribution of the most influential factors. Empirical validation of hypotheses is based on the popular STIRPAT model (Stochastic Impact by Regression on Population, Affluence, and Technology) by recourse to the dynamic panel data analysis.
More precisely we will attempt to validate empirically the ecological modernization theory, the hypothesis of Environmental Kuznets curve, the treadmill of production theory, the World-System theory, as verified by . In addition to the mentioned theories, we are motivated to deepen the work of Jorgenson and Clark (2011) in a first empirical test of the theory of treadmill of destruction using CO2 emissions as a proxy of environmental quality since this empirical aspect has not been the subject of previous work. We will be able to present an empirical validation of the World-System and treadmill of destruction theories using also CO2 emissions as an impact factor. Thus, we will be capable to present a guide to decision makers containing the influencing factors and their evolution in time. These factors must be taken into account in policy development to be undertaken to address environmental issues. This paper contributes to the existing environmental economics literature by two ways: (i) this paper tries to verify several theories simultaneously in the same work using the data for 114 developing and developed countries since the environmental problem is a universal one, (ii) verifying the ecological modernization theory, the treadmill of production theory, treadmill of destruction and the WorldSystem theory using CO2 emissions as a proxy of environmental impact instead of ecological footprint.
In these purposes, our methodology is crystallized in four parts: the first focuses on the existing literature concerning different theories related to studies of environmental impact factors. The second relates to the presentation of our methodology. The third is to present and to discuss the results of our estimates. The fourth is used to conclude and suggest the main theoretical implications.
Literature Review

Treadmill of Production theory
The Treadmill of Production theory focuses on the description of the process of degradation of natural resources by capitalist mode of production, which is a complement of the Marxist philosophy. In fact, Gould et al. (2004: 297) defined the theory of Treadmill of Production as: «economic change theory, but that has direct implications for natural resource extraction as well as for the opportunity structure for workers». Thus, it shows the market economies as a «treadmill» that creates constantly ecological and social damage through a self-reinforcing powered by increasing the production and consumption mechanism (Schnaiberg, 1980 (Schnaiberg, , 1994 . Indeed, the producers are trying to increase their production and to make profits through investment in technologies with higher yields per labor unit. Therefore, the adoption of these technologies induces increased unemployment, which restricts the number of consumers with purchasing power.
Therefore, governments and employees continuously support the growth of production to avoid unemployment and problems that may affect tax revenues. The continuing expansion of greedy energy industries deepens the negative environmental impacts following the increased demands for natural resources and significant quantities of resulting waste.
Hence we obtain the first contradiction of capitalism: a demand crisis in which production and consumption are unbalanced. The expansion of markets is a solution to this first crisis. However, expansion is limited by the number of markets and natural resources that are limited. This leads according to O'Connor (1994) to the second contradiction of capitalism: Increasing production depletes natural resources needed to support production which leads to an increase in costs and therefore a reduction in benefits. Given the finite nature of resources, their continued use can lead to an environmental crisis. Thus, the theory of treadmill of production claims that the social and environmental radical improvement is mainly the result of breaks with this mode of production rather than implementing reforms and moderating adjustments (Gould et al., 1996) .
Quantitative and comparative tests of this theory are very difficult because of the complexity of the theory of treadmill of production because of the dynamic interaction between the state, the production system and the labor force as consumers and employees (Schainberg, 1980) . Therefore, to test this theory, research studies have focused on contextual descriptions via proxies such as gross domestic product (GDP).
The Metabolic Rift theory
Capitalism is based on the ceaseless accumulation of capital, which produces a specific order of social metabolism that is increasingly separated from the natural metabolism, producing metabolic disruptions in natural cycles and processes. The progress of ecological degradation is observed at two levels: the first consists in weakening cycles and natural processes; the second is that this rupture of natural systems leads to the accumulation of waste and emissions.
The metabolic rift analysis illuminates the disruption of social/Natural relations associated with economic growth. Two types of metabolic rift were distinguished in the literature: the intensive and extensive rift. Regarding the extensive rift, it stems from geographic expansion due to the increasing demand for natural resources by capitalists.
Indeed, the concentration of people in cities and agricultural production in rural areas «disturbs the metabolic interaction between (people) As for intensive rift, it results from the increased speed of the use of natural elements in the capitalist production process. Capitalists seek to increase profits by reducing the amount of time required for the production of their products through the increased use of natural resources.
Currently, human society is trying to dematerialize and ecologically modernize their production methods that attempt to transform the industrial economy to a functional or service economy to make economies more environmentally sustainable.
The ecological modernization theory
Several studies have investigated the existence of an environmental Kuznets curve (EKC) which consists in a relationship between pollution and income that has the form of an inverted U-shape. Results concerning the verification of the Kuznets hypothesis are heterogeneous. This contradiction has been attributed to the use of inappropriate techniques and omitted variables. Thus, some researchers postulate that economic growth causes the degradation of environmental quality. This finding was justified by the fact that the use of energy and materials is more important and worker productivity will be higher in a context of economic growth. While others argue that the fastest way to improve environmental quality is to realize economic growth. In such context, citizens of most high-income countries will have a great demand to environmental standards respect. In this sense, Beckerman (1992) found that «the surest way to improve your environment is to become rich».
The non-monotonic relationship between economic growth and the degradation of environmental quality has been proven by some empirical studies in the 1990s (Grossman and Krueger, 1995; Panayotou, 2000) . In fact, environmental quality is deteriorating at an early stage of economic growth and improves from a certain threshold gradually as income level increases. This finding is supported by the hypothesis of structural change. Indeed, the first stage is generally characterized by an economy based on agriculture, which entails a high level of resources extraction. Then emerges an economy based on a highly polluting industry, characterized by an accelerated depletion of resources and emission of wastes. The final stage comes when growth reaches a certain threshold, improvement of environmental quality can be found following the structural change from an industry to services based economy.
The Structural Human Ecology theory
Based on an ecological basis, the theory of Structural Human Ecology (SHE) attempts to identify anthropogenic factors causing environmental impacts through the development of a relationship between social systems and the environment at macroeconomic level via four interrelated components of the human ecosystem which are: population, social organization, environment and technology, Dietz and Rosa (1994) . Moreover, the key role exerted by socio-structural factors on the environment as well as the ecological factors such as climate and biogeography has been highlighted by . Indeed, climatic factors influencing the consumption of natural resources are increasing in countries with cold climate. As for biogeography, it deals with the extent of the influence of the density and the availability of resources on the levels of their consumption.
Thus, in addition to biophysical, climatic (latitude,..) and biogeographic factors (arable land, land area ..) (Dietz and Rosa, 1994; Rosa and Dietz, 1998) , and in accordance with the ideas of the NeoMalthusian School of thought that stipulate that size, growth, density and structure of the population explain environmental impacts (Dietz and Rosa, 1994) .
Economic Policy Perspectives
World-system theory
The World-system theory is mainly based on the fact that the core countries representing producers and dominant consumers of natural resources are exporting waste and releases to the periphery. These facts were supported by previous studies that have proven the positive effect of the position of the worldsystem on the ecological footprint, perceived as an environmental impact indicator. Thus, differences in consumption between core and peripheral countries were supported by these results ( 
Urbanization
The concerns of urbanization in environmental issues were seen early in the works of Frederick Engels in 1892 in his book « The Condition of the Working Class in England» which examined the environmental conditions in the companies of the industrial cities of England in his studies on environmental justice in urban areas.
Based on the arguments of the urban political economy and previous crossnational surveys, the study of the environmental impacts of urban populations seems crucial. Indeed, the concentration of the population in large cities creates significant environmental problems. In fact, Gonzalez (2005) showed that urban areas are mass consumption centers, whether products or services. The production of industrial products and articulated consumption markets makes it more convenient to access raw materials in urban areas and generate more gluttonous consumption of natural resources. In fact, Bornschier and Chase-Dunn (1985) advanced that the highly urbanized areas contain production economies of scale that support big businesses and the spatial concentration of economic and industrial activities.
With the exception of some theoretical and empirical work (Jorgenson, 2003; Jorgenson, 2005; Smith, 2004, 2005) , research that addressed the study of the impact of military activities on the environmental quality is almost nonexistent.
The treadmill of destruction theory
Grimes (1999) advanced that it is crucial to incorporate military behaviors and institutions in studies that address the environmental damage given that the activities of military institutions generate strong demand of natural resources for purposes of research and development, maintenance and operation of their infrastructure and equipment, even in the absence of armed conflict (Sidel and Shahi, 1997) and produce large amounts of toxic substances and wastes (Ward, 1999 (2011), we consider that it is essential to assess environmental impacts by using these two approximations simultaneously.
Methodology
STIRPAT Model (Stochastic Impact by Regression on Population, Affluence, and Technology)
Over the past three decades, some researchers have postulated that the growth of population, affluence and technology are jointly responsible for the environmental impact. Mathematical formalization of this relationship is based on a simple model known as IPAT identity (Impact on Population, Affluence and Technology) developed in the work of Ehrlich and Holdren (1971) and Commoner (1972) . Research results of Ehrlich and Holdren suggest that population growth has a negative and disproportionate impact on the environment and that wealth is one of the main drivers of CO2 emissions.
In addition, Dietz and Rosa (1997) considered human activities as the essential driving force of CO2 emissions. This model comes from ecology and is amenable to economic analysis that has been successfully used for the analysis of factors causing environmental impacts. For this, they have divided human activities into three anthropogenic forces that are: Dietz and Rosa (1997) suggests the possibility of hypothesis testing and has none proportional impact of different factors. The environmental impact model allows the representation of all human activity effects in the following form:
Where P, A and T represent the population, affluence and technology and α, β, γ and δ are the exponents of P, A, and T and represents the parameters to be estimated (the IPAT model in equation (1) assumes that α = β = γ = δ = ε = 1). The error term for any unexplained variances of the model, denoted ε. i represent countries and indicate that the amounts of P, A, T and ε varies across the country.
Adding the temporal dimension and applying the natural logarithm (ln) of the two sides of the above equation to allow for hypothesis testing, the equation will be presented by: Using data for 93 countries during the period 1975-1996, the causal relationship between the population and CO2 emissions was also studied by Shi (2003) who concluded that the change in the overall population during the past two decades was associated more than proportionally to the growth of carbon dioxide emissions. In the same vein, Cole and Neumayer (2004) considered 86 countries during the period from 1975 to 1998 and found a positive relationship between CO2 emissions population, urbanization rate, the energy intensity and household size.
The results of the study of Rosa, York and Dietz (2007) noted a relatively small impact of urbanization, and age structure of the population in the deterioration of environmental quality against the most 
In summary, the emissions of carbon dioxide were decomposed into scale, composition and technique effects. Scale effects are measured by variables such as income level and population, composition effects refer to changes in the mix of inputs and outputs related to the production process and technical effects are approximated by the intensity of energy and advances in technology.
Research Hypotheses
In order to verify the presented theories we will try to test the following hypotheses.
H1: The basic STIRPAT model is verified:
to validate this hypothesis, we must obtain a positive coefficient for population, GDP and industry, and a negative coefficient for energy efficiency. 
H5: Biogeographical and demographic factors affect negatively the environmental quality as suggested by the theorists of human ecology.
To validate this hypothesis, we used the proxy arable land that the coefficient must be positive and the areas of land whose coefficient must be negative.
H6: The ecological modernization of the economy reduces environmental impacts.
In addition to checking the hypothesis of Environmental Kuznets, the empirical validation of the hypothesis of ecological modernization involves checking the following three assumptions: Hypothesis 6.1: The expansion of political rights improves environmental quality.
Hypothesis 6.2:
The expansion of civil liberties improves environmental quality.
Hypothesis 6.3:
Raising the level of economic freedoms that promoted capitalism leads to the improvement of environmental quality.
To validate our research hypotheses, we estimated several models whose equations are as follows:
Model2: 
Where and : are specific effects of studied country and year that allow controlling for unobservable countryheterogeneity and common time-varying effects that could affect emissions. Despite the fact that the fixed-effects (FE) and random effects (RE) models are two methods that aim to correct the bias problem of heterogeneity and have gained popularity in the various fields of sociology, the dynamic panel data models are recognized by researchers as more efficient. In this context, the dynamic panel model is obtained by introducing the lagged dependent variable which is the CO2 emissions delayed for estimating environmental impact function. However, the introduction of this variable causes the correlation between the delayed dependent variable and the error term. To overcome the problems of simultaneity bias, reverse causality and omitted variables, Arellano and Bond (1991) developed the Generalized Method of Moments (GMM) estimator. This method consists of two steps: The first one removes the individual and time-specific effects by rewriting the model in first difference. The second step is to integrate the lagged level values of two or more periods as instruments for the explanatory variables in first differences, assuming that the errors of the level equation are not serially correlated.
However, the effectiveness of this instrumentation technique has been criticized by some researchers and it is in this context that Blundell and Bond (1998) proposed the GMM-system model that is crystallized around a system of two equations: the first equation is a first difference equation in which the lagged variables in levels of at least one period are used as instruments of the equation allowing the removal of the unobserved time and invariant individual characteristics. The conditions to fulfill are the absence of correlation of the error terms and the endogenous variables with low explanatory power. The second equation of the model is a level equation in which the variables in first differences delayed by at least one period are used as instruments for the level equation.
To estimate the different models and validate the hypothesis, we use GMM System estimation developed by Blundell and Bond (1998) by using the STATA software (version 12).
Data
To validate these hypotheses and to determine the causes of the deterioration of environmental quality, we opted for carbon dioxide emissions as a dependent variable. In fact, greenhouse gases are composed of several components such as carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and ozone (O3), dioxide sulfur (SO2). We restrict our analysis to a single environmental impact indicator which is carbon dioxide measured in kilo tones because it is argued in studies of the World Bank that this pollutant is the determining cause of climate change. Moreover, there is a clear consensus that it is the most concentrated gas in the atmosphere, playing an important role in the vital processes of plants and animals, such as photosynthesis and respiration.
The validation of the different theories is conducted through their approximations by variables (See appendix 1 that presents the different variables used in this article).
Our panel data present a panorama of 114 developed and developing countries over the period 1980-2010. This choice can be justified by the fact that climate change is a global problem that affects all countries of the world. The limitation of the study to this number is justified by the unavailability of data regarding different variables for all countries of the world.
Results
The results of the dynamic estimates of the different models are shown in The second statistical test is the ArellanoBond relative to the null hypothesis of no first order autocorrelation, i.e those of the first order errors: AR (1). The test of the AR (1) process in first differences rejects the null hypothesis with p-values <5%. This result is plausible, considering the delay of recurrence of the error terms:
The third test is the autocorrelation of the Arellano-Bond errors. The results build on the lack of second order autocorrelation AR (2), with p-values> 5%.
In The second empirical application validates the Environmental Kuznets hypothesis, as a result of the significance of the effects of the positive and statistically significant coefficient of GDP per capita and the negative coefficient of squared GDP. Improving environmental quality is ensured both through energy efficiency and industrial sector. The first result is endorsed by several previous research studies except that the second is questionable given that the industrial sector is recognized to be environmentally destructive whether in terms of natural resources usage, gas emissions or toxic waste. Our results contradict those of Morrero (2009) With regard to the third model, the coefficients related to military spending and armed forces are highly significant with negative signs. This result leads us to strongly reject the hypothesis of treadmill of destruction as these two variables are expected to put pressure on the environment by contributing to the increase of the latter. The sign and significance of the other variables remain unchanged. The sixth model that aims to examine the ecological modernization theory allowed us to conclude that the structure of the economy does not have a statistically significant effect on the level of emissions unless the share of agriculture in the economy that reduces the environmental quality is consistent with the results of the theory of human ecology where the decline of arable land appears as a cause of environmental degradation. In terms of population, it adheres to the increase of emissions levels. As for political rights, free and partly free countries hinder environmental quality. While countries with partial or without civil liberties, participate in reducing the level of emissions. Concerning the economic freedom index and the ratification of the Kyoto Protocol, they appear as factors that reduce CO2 emissions.
These results are conventional to those of Grenewald and Martinez-Zarzoso (2010) who estimated the models with dynamic panel data for 213 countries over the period 1960 to 2009. They found that the Kyoto obligations have a measurable effect on CO2 emissions reduction. The same ascertainment was found in the work of Mazanti and Musolesi (2009), which focused on the group of northern European countries. In terms of the size of the population and CO2 emissions, our results are in conformity with those of Grenewald and Martinez-Zarzoso (2010) who found that these factors lead to an increase in the level of emissions.
Finally, the results of the latest model that simultaneously captures all the theories indicate that the world system theory, treadmill of destruction theory and the Kuznets hypothesis are rejected. Political and civil freedoms have no impact on the level of emissions except for the partly free countries about their political rights that increase the level of emissions. Energy efficiency and Kyoto Protocol ratification reduce CO2 emissions. Population, active population and urbanization have no statistically significant impact. The impact of the economy's structure remains similar to the previous estimate. Finally, the economic freedom index increases the level of emissions. Therefore, capitalism deteriorates environmental quality which confirms the hypothesis of metabolic rift.
Conclusion and policy implications
This article attempted to present and verify the literature regarding different theories related to the relationship between the evolution of human society and environmental sustainability. The empirical validations of some of these theories manifest shortcomings in the literature.
For this, we have tried to estimate the dynamic panel models to explain the level of CO2 emissions by interaction with a variety of key variables. The subject of theoretical consensus, this range of explanatory variables allow verification of theories presented, and they serve as a benchmark to decision makers facing identifying factors that reduce the environmental impact by focusing their actions on the factors that actually help reduce emissions.
The estimation results have allowed us to advance four crucial findings for directing decision makers. First, the emission level of the previous year increases emissions of the current one. Thus, the level of emissions is a cumulative phenomenon and the actual control of emissions will improve the environmental quality of tomorrow. Secondly, energy efficiency helps reduce emissions with a coefficient of elasticity quite significant. Decision makers need to invest in research and development to develop more energy-efficient technologies. Third, Economic Freedom Index, presented as a proxy of capitalism, increases the level of emissions. Subsequently, the think back for a new mode of production is highly stressed to trigger a production system more respectful of environmental quality.
Fourth, the role of the ratification of the Kyoto Protocol as a factor reducing the level of emissions but in a small portion is open to criticism. Indeed, focusing on the position in the world system, we noticed that the semi-peripheral and partly free countries have a negative impact on the environment. This finding is due to one of the protocol flexibility mechanisms, the Clean Development Mechanism, which is the fact that industrialized countries subsidize projects that reduce emissions in the least developed countries and are rewarded with carbon credits.
Developing countries benefit for free from advanced technologies that allow their plants to operate more efficiently. Except it should be noted that most of these countries are not industrialized, meaning that although using the cleaner technology investments entails emissions increasing of these underdeveloped countries. Thus, it should be noted here that the reduction of emissions from the ratification of the protocol is camouflaged, as the pollution problem is outsourced from highly industrialized countries to developing and emerging countries that didn't have quantified obligations in terms of emissions reductions.
